We calculate the single-spin and double-spin asymmetry differential cross sections for the polarized hadron scattering P P → l + l − + jet up to O(α s ) by the helicity amplitude method. Numerical results of the differential cross sections, which can be used to probe the spin contents of the proton, are obtained from several sets of polarized parton distribution functions.
I. Introduction
In recent years, the determination of the spin contents of the nucleon has been the subject of a large number of work, which was initiated by the EMC experimental results [1] that the spin of the proton does not arise from its constituent quarks as expected in the naïve quark model; the valence quarks contribute very little to the spin of the nucleon.
Presently, there are three possibilities for explaining the EMC and other subsequent experimental results [2, 3, 4] , namely (i) large sea quark polarization [5] ; (ii) large gluon polarization [6] ; and (iii) mediately large sea and gluon polarizations [7] . Since a different explanation leads to a different set of polarized parton distribution functions, the determination of the polarized parton densities by other experiments like polarized hadron-hadron scattering is very important for understanding of the spin contents of the nucleon. From the experiments, we can study the single-spin and double-spin asymmetries. For both initial protons longitudinally polarized, we study the double-spin asymmetries. Here the inclusive cross sections for the incoming hadrons' longitudinal polarizations are either parallel or antiparallel.
From the experimental point of view, it is simpler to consider the single-spin asymmetries, where one of the initial hadron beams is longitudinally polarized and has positive or negative helicity. A nonzero single-spin asymmetry implies that some of the parton-parton scatterings involve parity-violating weak interactions. Therefore, the single-spin asymmetries can also be used to probe parity-violating parton-parton subprocesses [8] .
In this paper, we shall study the polarized P P → l + l − + jet scattering by the helicity amplitude method [9] . Both the single-spin and doublespin asymmetries are studied. At high energies, it is expected that virtual photon and virtual Z boson equally make important contributions to the lepton pair production. We organize the paper as follows. In section II, we shall use the helicity amplitude method to calculate the helicity amplitudes for the differential cross sections for the polarized hadron scattering. In section III, we calculate numerically the single and double asymmetries for the scattering. Finally, our conclusion is given in section IV.
II. Calculation of the Helicity Amplitudes
In this section, we shall calculate the amplitudes for the single-spin and double-spin asymmetry differential cross sections for the polarized P P → l + l − + jet scattering up to O(α s ) by the helicity amplitude method. We need to consider the following two parton subprocesses and their charge conjugates contributing to the dilepton production
We denote M (λ 1 , λ 2 ; λ 3 , λ 4 , λ 5 ) as the helicity amplitude, where λ 1 and λ 2 are the helicities of the initial partons, while λ 3 λ 4 and λ 5 are the helicities of the lepton pair l + , l − , and the final parton, respectively. The nonvanishing tree-level amplitudes read 
To evaluate the amplitudes, we first define some useful formulae and our convention. We denote the positive and negative helicity states by | A ± , which have the following properties:
and, by Fierz rearrangement theorem,
The massless spinors with momentum p and helicity λ = ± are u ± (p),
For massless momentum p, we can write
For simplicity, we shall write
Finally, the gluon helicities are chosen to be ǫ Let the momentum of the virtual photon or Z boson be q. Then the Mandelstam invariants are:
At the parton-level scattering processes, the parton momenta have the explicit forms:
where p 5 is the momentum of the outgoing parton. The Mandelstam invariants are:ŝ
In the center-of-mass frame of incoming partons, the absolute squares of the sum of the helicity amplitudes for the subprocesses
While for the subprocesses
, the absolute squares of the sum of the helicity amplitudes read
III. Numerical Results
In this section, the differential cross sections for the polarized processes will be calculated numerically. For the double polarized hadron process, we
where y is the rapidity,
is the polarized structure function, and
For the single polarized hadron process, we have
In the rest frame of γ * (Z 0 ) [10] , the momenta of the lepton pair and outgoing parton are:
where E ′ =ŝ +q 2 2 √ŝ and q ′ =ŝ −q 2 2 √ŝ . The above momenta are in the form x µ = (t, x, y, z). The momenta of the incident partons thus define the z axis and the direction of the γ * (Z 0 ) defines the x-z plane. The angles α and β describe the decay of the γ * (Z 0 ) relative to its axes. The phase space integration becomes
To calculate the differential cross sections at the hadron level, we write the
where
and
Finally, we evaluate the single-spin and double-spin asymmetries defined respectively as:
To evaluate A LL , we need polarized parton distribution functions, which we shall use those given by Cheng, et al. (CLW) [12] and those by Glück, et al. (GRSV) [13] . To obtain A L , we need to use polarized parton distribution functions together with the corresponding unpolarized ones. Specifically, the CLW sets should be used with the MRS(A') sets [14] , while the GRSV sets should be used with the unpolarized GRV sets [15] . Figures 3a-3c and 4a-4c show the predictions for the single-spin asymmetries and double-spin asymmetries, respectively. From Fig. 3a-3c , we note that the two CLW sets generally give larger differences between the single-spin asymmetries |A L | than the two GRSV sets. The differences between the asymmetries from the two GRSV sets are essentially constant over the given q T range. The asymmetries from both the CLW and GRSV sets are large when the dilepton mass is equal to M Z , due to the fact that the effects of the Z interference become important when the dilepton mass is equal to M Z . From Q = 10GeV to Q = M Z , the asymmetries change by two orders of magnitude.
From Fig. 4a-4c , the double-spin asymmetries |A LL | are of the same order of magnitude in the given q T range and for the three Q values. The CLW sets give comparatively larger differences between the asymmetries in the same q T range than the GRSV sets, which give essentially the same differences between the asymmetries.
Finally, in Fig. 5a-5d , we give the contributions of the subprocesses G + q → l + l − +q (Fig. 1a-1b) and q +q → l + l − +G (Fig. 1c-1d ) to the single-spin and double-spin asymmetries at Q = M Z and √ S = 500GeV . Fig. 5a -5b are obtained from the CLW sets, while Fig. 5c-5d are obtained from the GRSV sets. We observe that quark-gluon and quark-quark contributions to the single-spin and double-spin asymmetries behave differently with increasing q T . The contributions of the subprocesses to the asymmetries obtained from the CLW sets are more dispersed and are larger than those from the GRSV sets, while the single-spin or double-spin asymmetries of the subprocesses obtained from the two GRSV sets have similar behavior. In general, the contributions from quark-gluon (Fig. 1a-1b ) vary more significantly than that from quarks (Fig 1c-1d) alone.
IV. Conclusion
In this paper, we have made a numerical study of the single-spin and double-spin asymmetries for the P P → l + l − + jet process. In this study, we have used, for convenience, the helicity amplitude method to calculate the scattering amplitudes and the differential cross sections for the asymmetries. Both the asymmetries of the angular distribution of lepton pair in the large transverse momentum Drell-Yan process at RHIC energies were studied. Polarized parton distributions from CLW [12] and from GRSV [13] were used. Both the CLW and the GRSV sets were obtained to the next-to-leading order. We have used the MRS(A') [14] and the GRV [15] sets of unpolarized distribution functions, which are also given to the nextto-leading order. The unpolarized differential cross sections obtained from these sets are essentially the same.
We observe that the two CLW sets generally give larger differences between the single-spin asymmetries |A L | than the two GRSV sets, and the asymmetries generally increase as the dilepton mass approaches M Z , due to the large effects of the Z interference from the parity-violating Z-fermion coupling. The differences between the asymmetries from the two GRSV sets are essentially constant and small. From Q = 10GeV to Q = M Z , the asymmetries change by two orders of magnitude.
However, the double-spin asymmetries |A LL | are of the same order of magnitude in the same q T range and for the three Q values. The CLW sets
give comparatively larger differences between the asymmetries for the same q T range than the GRSV sets, which give essentially constant differences between the asymmetries. We note that the asymmetries are nearly constant for different Q values.
We have also calculated the contributions of the subprocesses G + q → l + l − + q (Fig. 1a-1b) and q +q → l + l − + G (Fig. 1c-1d) 
Appendix A
Here we list the nonvanishing helicity amplitudes for the polarized hadron subprocesses. With the contribution of a Z boson, the amplitudes read
The parameters L q = 2τ 3 −2Q q sin 2 θ W , R q = −2Q q sin 2 θ W are, respectively, the left-handed and right-handed coupling constants, of quark coupled with the Z boson, where τ 3 is an SU (2) isospin quantum number, Q q is the charge of the quark, θ W is the Weinberg angle, and T a is the SU (3) generator with
(1 + cos α) . 5 Contributions of the subprocesses G + q → l + l − + q (Fig. 1a-1b ) and q +q → l + l − + G (Fig. 1c-1d) 
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